The effects of curdlan and gellan gum on the gastrointestinal function were studied, and the morphological structure of the intestinal mucosal surface was observed by scanning electron microscopy of rats fed curdlan and gellan gum diets for four weeks. The rats fed the curdlan diet showed a significant increase in the weight of the cecum and its contents and a decrease in fecal weight as compared to the rats fed a cellulose diet.
Summary
The effects of curdlan and gellan gum on the gastrointestinal function were studied, and the morphological structure of the intestinal mucosal surface was observed by scanning electron microscopy of rats fed curdlan and gellan gum diets for four weeks. The rats fed the curdlan diet showed a significant increase in the weight of the cecum and its contents and a decrease in fecal weight as compared to the rats fed a cellulose diet.
On the other hand, the rats fed the gellan gum diet showed a weight loss in cecal contents and weight gain in colonic contents. The transit time of the gastrointestinal tract was extended by curdlan supplementation whereas it was shortened by gellan gum supplementation. The surface structures of the ileal and cecal mucosa were markedly abnormal in the rats fed the curdlan diet: the microvilli were tightly packed and had fallen out at places. In the gellan gum-fed rats, the tops of the ileal and cecal microvilli adhered to one another and were covered with their contents.
There was no difference in the surface structure of colonic mucosa among the cellulose, Curdlan and gellan gum diet groups. tracts, they may play the role of dietary fiber. Some dietary fibers have been shown to cause an alteration in the transit time of intestinal contents (7-9), induce morphological changes of gastrointestinal mucosa (10, 11) and exert physiological influence on epithelial cell proliferation (12). Cassidy et al have reported that the surface structure of small intestinal mucosa was damaged in rats fed pectin (13), a soluble dietary fiber. The morphological changes were different depending on the type of dietary fiber, and are likely to contribute to the effect of fiber on the digestive and absorptive functions. We have observed that morphological changes of gastrointestinal mucosa in rats fed pectin at various levels depended upon the amount of pectin in the diet. When pectin feeding was discontinued, the morphological changes were restored to normal (14) . Thus, the examination of the effects of dietary fiber intake on the surface structure of the intestinal mucosa is considered to be of interest.
We intended to determine which portion of the digestive tract and what aspect of the intestinal function are affected more by some dietary fibers than by others. In this study, we observed that the morphological structure of intestinal mucosa was altered by curdlan and gellan gum diets in different aspects. Sampling of the tissue specimens. After four weeks on the experimental diets, the animals were anesthetized with Nembutal (pentobarbital sodium) by intraperitoneal injection (5mg/100g body weight) and dissected from the abdomen. Tissue samples for scanning electron microscopy were excised from the ileum, cecum and colon at the positions shown in Fig. 1 . The weight and pH of the contents in the cecum and colon were measured.
Transit time of intestinal contents. The transit time of food through the gastrointestinal tract was measured five days before the end of the feeding period.
The rats were fasted for 9h before the measurement. Then, each rat was allowed to eat 2g of the respective diet containing 3% carmine for 30min, after which the respective diets were given ad libitum. The transit time was calculated as follows:
Transit time (h)=(F+L)/2, where F and L were the first and last appearance times (h), respectively, of carmine in the feces as detected visually after the ingestion of carmine (t=0, when the rats were given access to the carmine diet). Scanning electron microscopy. The samples of the intestinal tracts were carefully cut into approximately 1cm2 pieces and rinsed in cold saline. The samples for scanning electron microscopy were taken at 2-3cm proximal to the cecum (ileum), center of the cecum (cecum) and 2-3cm distal to the cecum (colon), respectively. They were pre-fixed by infiltration with 2.5% glutaraldehyde in 0.1M phosphate buffer (pH 7.4) for 1h and post-fixed with 1% osmic acid in the same buffer overnight. After fixation, they were dehydrated with ethanol of graded increasing concentrations, infiltrated with 3-methylbutyl acetate and dried using a critical point dryer (Hitachi HCP-2) with liquid carbon dioxide. The samples were mounted on aluminium stubs with electro-conductive silver paste (Dotite) and coated with gold or platinum-paradium using an ion sputter (Hitachi E-101). Colon and its contents (Fig. 5 ) There was no difference in colon weight among the three groups. The wet weight of colonic contents of the rats fed the gellan gum diet was significantly greater than that of the cellulose group.
Transit time (Fig. 6) The transit time of intestinal contents through the gastrointestinal tract was significantly longer for the rats fed the curdlan diet than that for the cellulose group , whereas it was significantly shorter for the rats fed the gellan gum diet than for the cellulose group. Morphological changes Ileum (Fig. 7) . Scanning electron micrographs of the ileum of the rats fed the cellulose diet revealed typical leaf-shaped villi of the small intestine, and an individual villus appeared smooth and round in conformation. Their microvilli showed regular arrangement. The villi of the rats fed the curdlan diet were thinner compared to those of the control group, and the microvilli were more tightly packed and some were lying down. The villi in the rats fed the gellan gum diet were also thinner than those of the cellulose group, and an exfoliating feature was often observed at the top of the villi. The microvilli of the gellan gum group showed irregularities such as adherence to each other at the top.
Cecum (Fig. 8) . Scanning electron micrographs of the cecum from the rats fed the cellulose diet revealed normal histological arrangement. For the rats of the curdlan group, the mucosal surface of the cecum was markedly abnormal. The cecal mucosal surface was crowded with microvilli and showed a wavy mucosal surface. The microvilli of the curdlan group were tightly packed and some appeared to have been squeezed out. The surface of the cecum of the rats fed the gellan gum diet had a doughnut-like appearance. The microvilli of this group showed irregular arrangement, and their tops adhered to each other. The contents were difficult to remove by usual treatment for scanning electron microscopy, and their thin layers remained on the surface.
Colon (Fig. 9 ). There was no significant difference in the surface structure of colonic mucosa among the three groups. significantly higher for the rats fed the curdlan diet as compared to the cellulose diet group. When observed at the time of dissection, the cecal contents of the control group appeared solid, whereas those of the curdlan diet group were fluid and fl owed out of the cecum on dissection.
DISCUSSION
The pH of cecal contents for the rats fed the curdlan diet was significantly lower than that of the cellulose group. These results suggest that curdlan may have been fermented by the bacterial flora to produce short chain fatty acids. The increase in the number of epithelial cells may supposedly be caused by short chain fatty acids produced in the cecum, resulting in the morphological change of the mucosal surface structure.
The transit time of intestinal contents through the gastrointestinal tract of the rats fed the curdlan diet was significantly longer than that of the control rats. The cecum of the rats fed the curdlan diet might have been adapted to a longer retention time of intestinal contents in the cecum. Moreover, carmine (marker), which was used for the measurement of transit time, may mix with the contents, and adhere to the intestinal surface mucosa. It is possible that this adhesion was stronger in the curdlan-fed rats than in the control rats and transit to the colon was slower. This may explain the finding that the fecal weight of the curdlan diet group was significantly lower than that of the cellulose diet group.
On the other hand, for the rats fed the gellan gum diet, the wet weight of cecal contents was smaller and the wet weight of colonic contents was greater than those of the cellulose diet group. These results suggest that the intestinal contents of the gellan gum-fed rats did not remain in the cecum for long hours, but were rapidly forced out to the colon in the digestive tract. Thus, the transit time was significantly shorter for the rats fed the gellan gum diet as compared to the cellulose group.
The microvilli of the ileum and cecum of the rats fed the gellan gum diet showed irregular features such as adherence to each other at the top. Moreover, in the gellan gum diet group, thin layers of residues covered the surface of the microvilli (Figs. 7, 8) .
In contrast to the rats fed the curdlan diet, the cecal contents of the rats fed the gellan gum diet were as solid as those of the cellulose group. The rats fed the gellan gum diet showed a slightly greater water percentage of cecal contents than that of the cellulose group; however no significant difference was observed between the two groups. For the rats fed the gellan gum diet, the pH of cecal contents was similar to that of the cellulose diet group. It is probable that gellan gum was not fermented unlike curdlan, and the intestinal contents of the rats fed gellan gum contained rather higher amounts of undigested polysaccharides. Undigested soluble polysaccharides form a highly viscous gel in the gastrointestinal tract. Their gel-forming properties are thought to cause damage to the adaptive response (18) as well as the intestinal mucosal fine structure (Figs. 7-9 ). Perhaps, when rats were fed the gellan gum diet, their intestinal contents may also have formed a highly viscous gel and given damage to the intestinal mucosal surface structure, although we did not measure the viscosity of intestinal contents. It is believed that this viscosity may be one of the factors which affects the properties of cecal contents. But the transit time for the rats fed the gellan gum diet was significantly shorter than that of the cellulose group. This is because the ceca of the rats fed the gellan gum diet might have been adapted to a shorter retention time of intestinal contents in the cecum, and the force of propulsion to the colon may have been stronger than that of the cellulose diet group. This may explain the finding that the weight of cecal contents was smaller and the weight of colonic contents was greater in the gellan gum group as compared to the cellulose diet group.
In conclusion, curdlan and gellan gum diets affected different aspects of the morphological fine structure of the digestive tract of rats fed those dietary fibers for 4 weeks. These different morphological changes brought about by the dietary fi bers may reflect the different manners of effects caused by those fibers on the mucosa of the digestive tract. 
